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ABSTRACT 

This invention relates to new conjugated linolenic acids, process for preparation 
thereof and method of use. Thus the invention Is concerned with the preparatton 

5 and purification of fatty acids which are homologues of conjugated llnolelc acids, 
from materials rich In alpha or gamma linolenic acids. The reaction produces 
approximately over one third of 9Z.11E,15Z-octadecatrlenoic acid from a-llnolenic 
acid (9Z.12Z.15Z-octadecatrienoic acid). Enrichment up to and over 40% Is readily 
performed with uiea crystallization, li^oreover, the product can be produced in over 

10 90% purity by simple preparative liquid chromatography. The reaction is unique In 
that the reaction produces the abovementioned conjugated trienoic acid wiOi a high 
8el«:tivify, in a short time period and in relatively mild conditions. 



GA 02396840 2002-08-06 



New conjugated unolenic acids and methods for commercial 
preparation, purification and uses 



5 FIELD OF THE INVENTION 

This Invention relates to new conjugated Bnolenlc adds, process for preparalfon 
thereof and method of use. Thus the Invention Is concerned with the. preparation 
and purmcaBon of fatly acids which are homologues of conjugated llnoleic adds, 
from materials ridi in alpha or gamma Hnolenlc adds. The reaction produces 

10 approximately over one thW of 9Z.11E.15Z-ocladecatrienolc add Ihrni anionic 
add (9Z.12Z.15Z-ocladecatrienoic add). Enrtehment up to and over 40% Is readily 
perfbmied with urea ayslalizalion. Moreover, the product can be produced In over 
90% purity by simple preparative liquid chromatography. The readlon is unique m 
that the reaction produces the abovementioried ooi^ugaled trienolc add with a high 

15 setedhflly. In a short time period and In relathwiy mild conditions. 

BACKGROUND OF THE INVENTION 

Processes for the conjugation of ttie double bonds of polyunsaturated unconjugated 
fatly adds have found their main application in ttie field paints and varnishes, ons 

20 comprised of triglycerides of conjugated fatty adds are known as drying oils. Drying 
oils have value because of flieir abiTrty to polymerize or "dry- after they have been 
applied to a surface to fonn tough, adherent and abrasion resistant films. Tung oil Is 
an example of a naturally occurring oil containing significant levels of fiiHy 
conjugated fatty adds. Because tung oil is expensive for many industrial 

25 applications, research was directed towards finding substitutes. 

In tiie 193Cys. it was found that conjugated fatty adds were present in oil products 
subjected to prolonged saponification, as originally described by Moore. J. 
Blodiem.. 31: 142 (1937). This finding led to ttie development of several aiicaii 
Isomerization processes for the production of conjugated fatty adds from various 
30 sources of polyunsaturated fatty adds. 

Th positioning of ttie double bonds in ttie hydrocartwn chain Is typically not in a 
conjugated, i. .. alternating double bond^mgle bon*4ouble bond, mann r. F r 
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example, o-llnolenic add is an eighteen carbon add with three double bonds (18:3) 
at carbons 9, 12 and 15 In which aU three double bonds have In the cis 
configuration. I.e.. 9Z.12Z.15Z-C18:3 acid. 7-Unolenlc acid Is 6Z.9Z.12Z-C18:3 acid. 
Unoleic acid is 9Z,12Z-C18:2 add (see TABLE1). 



TABLE 1 



Nu Fatty Add 



Trivial Name 



Stnicture 



1 9Z.12Z.15Z-C18:3 
10 2 6Z.9Z.12Z-C18:3 
3 9Z.122C16:2 



a-Linolertk: Add 
Y^jnoIenicActel 
LindleieAcid 




15 l\Aigration of double bonds (e.g., leading to ooigugation) gives rise to many posifional 
and geometric (l.e,, cl&4rans) isomers. 

Conjugated double bonds means two or more double bonds which alternate in an 
unsaturated compound as in 1.3 butadiene. The hydrogen atoms are on the same 
side of the molecule in the case of cis stnidure. The hydrogen atoms are on 

20 opposite sides of the molecule In the case of frans structure- 
Conjugated ilnbleic add (OLA) is a general tenm used to name positional and 
geometric isomers of linoleic add. Unoieic add is a straight chain carboxyllc acid 
having double bonds between the cart>ons 9 and 10. and between cariwns 12 and 
13. For example, one CLA positional isomer has double bonds bebween carbons 9 

25 and 10 and carbons 11 and 12 (i.e. 9Z.11E-C18:2 add): another has double bonds 
between carbons 10 and 11 and cartwns 12 and 13 (i.e., 10E.12Z-C18:2 add), eadt 
.with several possible cte and trans isomers. 



TABLE 2 



30 Nu Fat^Acid 



TKviatName 



Structure 



9Z,11&C18:2 
35 10E;12Z-C182 



RumenicAcid 
non 
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The 9Z.11E-C18:2 Isomer has been shown to be the first intermediate produced in 
the biohydrogenatlon process of llnoleic add by the anaerobic nimen bacterium 
Butyrvlbrio fOmsolvens. This reaction is catalyzed by the enzyme linoleate 
isomerase which converts the asr^2 double bond of llnoleic acid into a 
double bond. (C. R. Kepler et al., 241 J. Biol. Chem. (1966) 1350). It has also been 
found that the nornial intestinal flora of rats can also convert linoleic acid to the 
9Z,11E-C18:2 acid Isomer. The reaction does not. however, take place In animals 
lacking the required bacteria. Therefore. CLA is largely a product of microbial 
metabolism in the digestive tract of primarily ruminants, but to a lesser extent in 
) other maironals and tnrds. 

The free, naturally occurring conjugated llnoleic acfcls (CLA) have been pievtously 
isolated from fried meats and described as antlcarclnogens by Y. L Ha. N K. Grimm 
and M. W. Pariza. in Carcinogenesis. Vol. 8. No. 12. pp. 1881-1887 (1987). Since 
then, they have been found in some processed cheese products (Y. L. Ha, N. K. 
5 Grimm and M. W. Pariza. in J. Agric. Food Chem., Vol. 37, No. 1. pp. 75-81 (1987)). 
Cook et al. in U.S. Pat No. 5.554,646 disdose animal feeds containing CLA, or its 
non^oxte derivatives. e.g., sudi as sodium and potassium salts of CIA, as an 
additive in combination with conventtonal animal fteeds or human foods. CLA makes 
for leaner animal mass. 

20 The biological activity assodated with CLAs is diverse and complex (Pariza et al. in 
Piog. LIpW Research.. Vol 40. pp. 283-298). 

Anti-carcinogenic properties have been well documented, as well as stimulation of 
the immune system. Administration of CLA inhibits rat mammary tumorogenesis, as 
demonstiated by Ha et al.. Cancer Res.. 52:2035-« (1992). Ha et at. Cancer Res.. 

25 50:1097 (1990). reported similar results in a mouse Ibrestomach neoplasia model. 
CLA has also been Identified as a strong cytotoxic agent against target human 
melanoma, coloiectal and breast cancer cells m vitro. A recent major review artfcle 
conflnns th conclusions drawn ftom mdhridual shidies (Ip. Am. J. Clin. Nutr. 
6e(e):15238 (1997)). In fn vitro tests. CLAs were tested tbr their ffecth/eness 

30 against the growth of maUgnant human melanomas, colon and breast cancer cefls. 
In the culture media, there was a slgnfficant redudton in the growth of cancer cells 
treated wHh CLAs by comparison with control cultures. Th mechanism by wihtoh 
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CLAs exert antlcaretaogenic activity Is unknown. In addition, CLAs fiave a strong 
antioxMative effect so that, for example, peroxidation of lipids can be Inhibited 
(Atherosclerosis 108, 19-25 (1994)). U.S. Pat. No. 5.914.346 discloses the use of 
CLA's to enhance natural kfller lymphocyte function. U.S. Pat. No. 5.430,066 
5 describes the effect of CLA's in preventing weight toss and anorexia by Immune 
system stimulation. 

Although the mechanisms of CLA adton are still obscure, there Is. evidence that 
some component(s) of the immune system may be Involved, at least In vivo. U.S. 
Pat. No. 6,585.400 (Cook, et ai.. Incorporated herein by reference), discloses a 

10 method for attenuating allergic reactions In anfcnals mediated by type I or IgE 
hypeisensltivity by administering a diet containing CLA. CLA In conoenlrattons of 
about 0.1 to 1.0 percent was also shown to be an effective adjuvant In preserving 
white blood cells. U.S. Pat No. 5,874.901 (Cook, et aL. Incorporated herein by 
reference), disctosed that oral or parenteral administration of CLA in either f^ee acW 

15 or salt fomi resulted In elevatten In CD-4 and CD-8 lymphocyte subpopulaHons 
associated with oeU mediated immunity. Adveise effects arising from pretreatment 
with exogenous tumor necrosis factor could be alleviated mdlreclly by elevatton or 
maintenance of tevels of CD-4 and CD-8 cells In animals to which CLA was 
administered. 

20 CLA's have also been found to exert a profound generalized effect on body 
composition. In particular, upon redirecting the partHtoning of fat and lean tissue 
mass. U.S. Pat. Nos. 5.554,646 and 6.020,378 disclose «ie use of CLA's for 
reducing body fat and increasing lean body mass. U.S. Pat No. 5,814.663 disctoses 
tite use of CLA's to maintain an existing level of body fat or body weight In humans. 

25 U.S. Pat No. 6.034,132 discloses ftie use of CLA's to reduce body weight and treat 
obesity in humans. CLA's are also disclosed by U.S. Pat. No. 5,804.210 to nmlntain 
or enhance bone mineral content EP 0 579 901 B relates to ttie use of CLA for 
avoiding loss of weight or for reducing Increases in weight r anorexta caused by 
immunostimuiation in human beings or animals. U.S. Pat No. 5,430,066 (Cook, t 

30 aL. incorporated herein by reference), describes th effect of CLA in preventing 
weight loss and anorexta by immune slimulatten. 
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CLA has been found to be an In vttro antioxidant, and in cells, ft protects membranes 
fiom oxidative attack. In relation to other hnportent dietaiy antioxidants. It quenches 
singlet oxygen less effectively than beta.-carotene but more effectively than .alpha.- 
tocopherol. It appears to act as a chain tenninating antioxidant by chain-propagating 
5 free radicals (U.S. PaL No. 6,316,645 (SIh. et a!., incorporated herein by reference)). 

Sidn is subject to deterioration through dennatologlcal disorders, environmental 
abuse (wind, air conditioning, central heating) or through the nomial aging process 
(ctironoaging) vi»hich may be accelerated by exposure of sWn to s;un (photoaging). In 
recent yeare the demand for cosmetic compositions and cosmetic methods for 
10 Improving the appearance and condition of sidn has grown enomnously. WO 
95/13806 discloses the use of a composition comprising zinc salts of 68% 
(unconjugated) linoleic add and 10% conjugated Isomers of linoleic acid for use In 
treating skin disorders. 

Apart ftom potential therapeutic and pharmacologic applfcations of CIA as set forth 
15 above, ttiere has been much excitement regarding «ie use of Cl^ as a dietary 
supplement CLA has been found to exert a profound generalized effect on body 
composition, in particular redirecting «ie partitioning of fat and lean tissue mass. 
U.S. Pat. No. 5,554,646 (Cook, et al.. Incorporated herein by reference), discloses a 
method utilizing CLA as a dietary supplement in which pigs. mice, and humans were 
20 fed di^ containing 0.5 percent CLA. In each species, a significant drop in fat 
content was observed witti a concomitant Increase in protein mass. It is Interesting 
ttiat In ttiese animals, increasing the fatty acW content of ttie diet by addition of CLA 
resulted In no Increase in body weight, but was jesociated witti a redistributfon of fat 
and lean witt»ln the body. Anotiier dietary phenomenon of interest is ttie effect of 
25 CLA supplementation on feed conversion. U.S. Pat. No. 5.428.072 (Cook, et aL, 
Incorporated herein by reference), provhled data showing tiiat Incorporation of CLA 
info animal feed (birds and mammals) increased flie efficiency of feed conversfon 
leading to greater w ight gain in ttie CLA sapplemented birds and mammals. The 
potential beneficial efT cts of CLA supplementation for food animal grow re is 
30 apparent 

Another important source of interest in CLA. and on whteh underscores its arly 
commeroiai potentiaL Is tiuit It is naturally occurring in foods and feeds consumed by 



CA 02396840 2002-08-06 



6 

humans and animals aHke. In particular. CLA Is abundant In products from 
niminants. For example, several studies have been conducted In wfhich CIA has 
been surveyed In various dairy products. Aneja. et al.. (J. Dairy ScL. 43: 231 [1990]) 
observed that processing of milk Into yogurt resulted In a concentration of CLA. 

5 Shanta. et aL (Food Chem., 47: 257 [19931) showed that a combined Increase In 
processing temperature and addition of VKhey Increased CLA concentration during 
preparation of processed cheese. In a separate study, Shanta, et al., J. Food Sci., 
(60: 695 [19951) reported that while processing and storage conditions did not 
appreciably reduce CLA concentrattons, they did not observe any Increases. In fad, 

10 several studies have Indicated that seasonal or interanimal variation can account for 
as much as three fbW differences In CLA content of cows mUk (Parodl. et al.. J. 
Dairy ScL, 60: 1550 [19771). Also, dietary factors have been Impflcated In CLA 
content variation (Chin, et al., J. Food Comp. AnaL, 5: 185 [19921). Because of this 
variatton In CLA content In natural sources, Ingestion of prescribed amounts of 

15 various foods will not guarantee that the individual or animal vnll recehre the 
optimum doses to ensure achie\ring the desired nutritive effect. 

Economteal conjugated f«ty add production in commercial quantittes for use In 
domestk: food animal feeds is a desirable objective in light of the nutritional benefits 
realized on a laboratory scale. Preferably, flte conjugated fetly acW Is produced 
20 dIrecHy from a source of raw vegetable oil and not fnm expenshre purified linoleic 
add. Further, ttie process must avoW cost generating superfluous steps, and yet 
result in a safe and whotesome produd palateble to animals. 

All the useful mettiodologies for preparation of conjugated tinolelc acW (CLA) were 
recentiy reviewed by Adiof (ln:Yurawecz et al. (Ed), Advances In Conjugated 
25 Unoleic Acid Research, volume 1 , AOCS Press, Champaign. II, pp 21-38 (19991). 

The usual mettiodology for conjugation of polyunsaturated fatty adds is 
alkall-catelyzed isomejization. This reaction may be performed using diWterent bases 
such as hydroxides or aOcoxIdes in sdution in appropriate alcoholic reagente. This 
reaction was developed hi tt»e lOSO^s for spedrophotometric estimation of 
30 polyunsaturated fatly adds In fWs and oils [AOCS official mettiod Cd 7-58: JAOCS 
30:352(1953)]. 



m 
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In aHcaU isomerizaiion the fatly adds are exposed to heal, pressure and a metal 
hydroxide or oxWe in nonaqueous or aqueous environments, resulting in the 
fomiation of conjugated isomers. Other methods have been de8crit)ed which utilize 
metal catelysls. which is not as effldenl in the production of conjugated double 

5 bonds, it was fbund that isomerization could be achieved more rapidly in the 
presence of higher molecular weight solvent. Kass, et al., J. Am. Chem. Soc. 61: 
4829 (1939) and U.S. Pat No. 2,487.890 (1950) showed that replacement of 
ethanol v«th ethylene glycol resulted In both an increase In conjugation In less time. 
U.S. Pat. No. 2.350.583 and British Patent No. 558.881 (1944) achieved conjugation 

10 by reacting fatly add soaps of an oD with an excess of aqueous alkali at 200-230 
degrees C. and increased pressure. 

Dehydration of methyl ridnoleate (methyl 12-*iydroxy-cfe-9-octadecenoate) 
(Gunstone and Said. Chem. Phys. Lipids 7. 121 11971); Bordeaux et al., JAOCS 74, 
101 1 [1997] give 9Z.11E-Cl8a isomer as a major producL U.S. Pat Nos. 5.898.074 

15 disdosed a synthesis process for producing this fWty add at room temperature in 
high yield. The tosylate or the ntesylate of the n»thyl ester of ricinoleic add is 
fomied with tosyl chloride or mesyi chloride m a pyridine solvent or in aoetonitrile 
and triethyl amine. The obtained tosylate or mesylate is reacted with diazabicyclo- 
undecene In a polar, non-hydoxyfic solvent of acetonltifle to form the preferred 

20 isomer of 9c.11t-18:2 methyl ester in high yield. U.S. Pat Nos. 6.160.141 disclosed 
a synthesis process for produdng corrugated eleosanold fatty acid firom methyl 
lesqueiolate (methyl 14-hydroxy<Jfe-11-octedecenoate) at room temperature in high 
yield using the same princlpte. 

Among the processes known to effect Isomerization without utilizing an aqueous 
25 alkali system, is a nickel-carbon catalytic method, as described by Radlove. et al.. 
Ind. Eng. Chem.38: .997 (1946). A variation of this method utilizes platinum or 
pailadium-carixm as catalysts. Conjugated adds may also be obtained from a- 
hydroxy anylic unsaturated fatty add using add catalyzed reduction (Yurawecz et 
al.. JAOCS 70. 1093 11993)). and partial hydrogenation of conjugated acetylenic 
30 acid such as santalbic (IIE-octed c-9-ynolc) acid using Undlar's catalyst could also 
be used but are limited by natural sources of such fatty add. 
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Natural lUlly conjugated linolenic adds (CLNA) have been found at high content 
levels in some seed oils (Hopkins, ln:Gunstone. F.D. (Ed). Topics in Upid 
Chemistry, volume 3, EL£K Science. I^ndon, pp 37-87 [19721). For example, 
TakagI and ttal»shl (Upkte 16. 546 [1981]) reported calendic acid (8E,10E,12Z- 
C18:3 acW, 62.2%) hi pot marigokJ seed oil, punicic acid (9Z.11E,13Z-C18:3 acid, 
83.0%) in pomegranate seed oB. oreleostearic acid (9Z.11E.13E-C18:3 add) In tung 
(67.7%) and bltler gouid (56,2%) seed oils, and catalpto acid (9E,11E,13Z-C18:3 
add. 42.3%) in catalpa seed oil. respectively. 

An octadecatrienolc add isomer whose structure has been tentatively defined as 
9Z,11E,15Z-C18:3 add, is befieved to be the first intemiediate in the 
btohydrogenation process of a-HnolenIc add by the anaerobte rumen bacterium 
Butyrvibrio fibrisolvens (C. R. Kepler and S. B. Tove 242 J. BioL Chem. (1987) 
5686). 

SUIMMARY OF THE INVENTION 

The present invention relates to to new confugated linolente acWs, process for 
preparation thereof and method of use. In a general sense, the Inventton describes 
a process for preparatton and puriflcatton of fitly adds whteh are homologues of 
conjugated llndeks adds from natural and/or synthetfc materials rich in alpha or 
gamma linolenic ackte. In a prefered embodiment the reactten produces 
approximatively over one third of «Z.11E,15Z-C18:3 add fiom alpha Hnolenfc add 
(9Z,12Z,15Z-C18:3 add). In a second embodiment, enrichnment up to and over 
40% is readily performed with urea cristallizatton. Moreover, the product can be 
produced in over 80% purity by snnpte preparative Ikiuid chromatography. In 
another embodiment, the products obtained include ftee fatty adds, and derivatives 
thereof, induding, but not limited to estere, amides, salts, falty alcohols. The 
reaction is unkjue in that the reaction produces the abovementioned conjugated 
trienoks add witti a high selectivity. In a short time period and in relatively mlkJ 
cMiditions. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 presents mass spectra of produtcs resulting of ttie isomerizatlon process of 
alpha-linol nte add (9Z.12Z,15Z-C18:3 add), as 4,4mimethytoxa2oline derivatives: 
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A. 9Z.11E,1SZ-C18:3: B, 9,11,13-C18:3, C, 10E,12Z.14E-C18:3 and D. 11,13-CCLA 
(9-(6-propyl-cyclohexa-2,4-dlenyl)-nonanolcacid); 

Rg. 2 present the thennal mechanism leading to the fonfnation of 1 1 ,13-CClA 
propyl-cyclohexa-2.4-dienyI)-nonanoicacld (Fig 1-D)1 from 10E.12Z,14E-C18:3 acid. 

5 l=ig. 3 piesent gas liquid chromatograms of fatly acid methyl estere obtained after 
methylalion of linseed oil (A), conjugated linseed oB (B) liquid phase from wea 
crystallization (C>, reversed-phase Hquid chromatography fraction containing alwut 
97 % of aZ.11E,15Z-C18:3 acid (D). argentation liquid chromatography fraction 
containing about 99+ % of 9Z.11E.15Z-C18:3 add (E); 

10 Rg. 4 presents the gas Rquld chromatogram of the fatly acW methyl esters obtained 
after methytation of parttally conjugated evening primrose oil. 



DETAILED DESCRIPTION OF THE INVENTION 

The oils and fats, alone or as mixtures, containing alpha-Iinolenlc add may Include 
15 but are not limited to amebla. basil, candelnut. flax (linseed). Ilnola. gold of pleasure, 
hemp, mustard, perilla. soybean, canola, walnut, chia, crambe, echium, hop. WmH, 
pumltin and purslane seed oils, or any other oH. wax. ester or amW that is ridi In 
linolenic add. 

The oas and fWs, alone or as mixtures, containing gamma-llnolenic acid may indude 
20 but are not llmHed to borage, evening primrose and black currant seed oils, or any 
other oil, vrax, ester or amid that is rich in Dnolenic acM. 

The disclosed process converts double bonds of a- and y-llndenic acid Isomers into 
partly and/or fully conjugated systems as well as Into cyclic fatty add teomera. The 
process which can be perfomied both in batch and continuous modes, involves 

25 blending one or a mbchire of vegetable oils with various concentration of linoleic acid 
or partial glycerides of such oils, or partially purified or concentrated bomere with 
0.5 to 10 moles of base such as sodium hydroxide, sodium aikoxyiate, sodium 
metal, potassium hydroxWe, potassium aikoxyiate, potassium metal, and strong 
bas resins. The reaction proceeds at temperatures from 20'C up to 280*0 in the 

30 solv nt, seleded ftom comm roial polyols sudi as propyten glycol, glycerol and 
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ettiylene glycol, for periods of 30 sec to 18 hours, depending on the base and/or the 
temperature and/or solvent, and/or sut>strate and/or a desire expected conversion 
rate. After cooHng. if required, to 20-80'C. acid is added to the reaction mixture to 
neutralize the soaps and/or remaining base in the reactor, it is prefsned to bring the 

5 pH of the contents of the reactor to pH4 or less through the addition of either a 
mineral or organic add. Acids that may be used include, but are not limited to, 
hydrochloric acid, sulfuric acid, phosphoric acid and citric acid. The solvent phase 
(polyol + water) Is wWidrawim and the remaining fatty add rich phase can be washed 
with water and/or saline solutions of variable concentration such as sodium chloride 

10 (5%w/W) to remove traces of adds used for addification of the reaction mbdure. 
Remaining water can be removed by usual means (i.e. centrifugation. vacuum, 
distillation of drying agents). As described in example 1. the concentration of 
9Z.11E.15Z-C18:3 acid in the product is approximately 33%. This produd, as such 
or converted into derivatives, can be used in nutrition, cosmetic nutraceutical. 

1 5 biological and/or animal feed applications. 

Isomer composition of the fonned fatly add was detemilned by gas-liquid 
chromatography coupled with a mass-spectrometer (GC-MS) of their 4.4- 
dimethyloxazoline (DMOX) derivatives. The use of derivathres is a necessary step 
prior to structural detennlnation of fatly add by GC-MS because mass spectra of 

20 i^tty add methyl ester, the usual derivatives for ga&4iquld chromatography analysis, 
are devoid of suffident information for identification of structoral isomers. This is 
mainly due to the high sensitivity of the carboxyl group to fragmentation and to 
double bond migration (Christie. W.W.. Gas Chromatography^ass Spectrometry 
Methods for Strudural Analysis of Fat^ Adds, Lipids 33:343-353 (1998).). 

25 However, stebiUzatlon of the carboxyl group by the formation of a derivative 
conteining a nitrogen atom results in mass spectra that allow strudural 
determination fbr most fatty acids. Indeed, these fatty adds derivatives provide 
diagnostic fragments flwrt allow accurate stnictore detennination. The derivatives 
were submitted to GC-MS witti a Hewlett Packard 5890 Series II plus gas 

30 chromatograph attached to an Agilent model 5073N MS Engine. Th latter was used 
in the electron Impact mod at 70 eV with a source temperature of 230.degree. C. 
Th GC vras fitted witti split Injection. For DMOX derivatives a open tubular capillary 
column coated wtth BPX-70 (60 m.times.0.25 mm, 0.25 pm film; SGE, Melbourne, 
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AustiaRa) was used. After holding the temperahire at GO.degree. C. for 1 min, the 
oven temperature was Increased by temperature-progranfiming at 20.degree. C./min 
to 170.degiee. C where ft was held for 30 mln., then at S.degree. C./min to 
210.degree. C. where It was held for 30 min. Helium was the carrier gas at a 
5 constant fkwiHate of 1 mUnin, maintained by electronic pressure control. 

Mass spectrum of conjugated products of 9Z.12Z.15Z-C18:3 add obtain by 
conjugation of linseed oil were presented In FIG. 1. 

Stnjcturel fonnula and mass spectrum of the DMOX derivatives of the 
9Z,11E.15Z-C18:3 add are illustrated in FIG. 1A. The DMOX has a molecular Ion at 

10 mte=331. confirming the octadecaWenolc add structure. The Ion at m/z=262 
conflnns the location of the li.lMouble bond system (by extrapolation from the 
icnown 5.9-lsomer (Bordeaux and WoHf. J. Am. Oil Chem. Soc. 73: 1323-1326 
(1996)). and gaps of 12 a.m.u. between m/r«208 and 196. and 288 and 276 verify 
the location of double bonds In positions 0 and 15. respectively. Mass spectrometry 

15 does not oonflim the geometry of the double bonds, but they have been detemilned 
accoiding to Nichols et al. (J. Am. Chem. Soc. 73:247-252 (1951)) based on the 
Ingoid theory on the prototropic shifl mechanism (Ingold, J. Chem. Soc. 1477 
(1926)). 

Structural fonnula and mass spectnim of the DMOX derivatives of the 9.11.13- 
20 C18:3 acid are illustrated in FIG. IB. The DMOX has a molecular ion at mfe«331. 
confirming the odadecatrienoic add structure. Gaps of 12 a.m.u. between mA2«208 
and 196, and 222 and 234. and 248 and 260 verify the tocatlon of double bonds in 
positions 9 ,11 and 13. respectively. Four different minor Isomers of 9.11.13-C18:3 
are present In the reaction products. The most abundant Is the 9Z.11Z.13E-C18:3 

25 acid isomer which is known as a-eleostearic add. 

StructuraifcmnulaandmassspeclnimoftheDMOXderivativesof the 10E.12Z.14E- 
C18:3 add are Illustrated in FIG. 1C. The DMOX has a molecular ion at m/2=331, 
conflnning the odadecatrienoic add structure. Gaps of 12 a.m.u. between m/r=210 
and 222. and 236 and 248, and 262 and 274 verify the location of double bonds In 

30 positions 10 .12 and 14. respectively. Mass spectrometiy does not confirm the geometiy 
of die double bonds, but they have been detennined accoiding to Nichols et al. (J. Am. 
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Chem. Soc, 73:247-252 (1951)) based on the Ingold theory on the prototropic shift 
mechamsm dngold. J. Chem. Soc, 1477 (1926)). n» 10E.12Z.14E-C18:3 add Isomer is 
prone to cyclization. ttius forming cyclohexadlenyl compound (9-(6-propyl- 
cycIohexa-2.4-dtenyl)-nonanolc add)) by an eledrocydlzation process presented in 

5 RG. 2. 

Stniduial fonnula and mass spedrum of the DMOX derivatives of the 11,13-CCLA 
(9-(6-propyl-cyclohexa-2.4-dlenyO-nonanoIc add) are IHustiated In FIQ. ID. The 
DMOX has a molecular Ion at m/z»330 -1. conflmning the occurrence of a high 
stabilized conjugated ion fragment (radical In carbon 10 or 15. stabilized by 
10 resonance effed). A distindive ton at m/z-288 is dmraderistic Ibr alphe deavage 
occuning in cydlc fatty adds (S6b6d!o at al. J. Am. OO Chem. Soc. 64: 1324-1333 
(1987)). The gap of 78 atomic mass units (a.m.y.) b^ween mto«288 and 210 is that 
expeded for the cyctohexadlenyl group whteh conjugated double bond system in 
positions 11 and 13. 

15 Readton progress was determined by gas-Hquld diromatography under appropriate 
condition as presented in example 1. 

Increasing the concentration of. Ibr example 9Z.11E.15Z-C18:3 add. can be 
achieved using different methods, alone or In combination. One method makes use 
of urea complexatlon. Uiea solution, prepared at a temperature ranging from 20 to 
20 OO'C in different solvents or mixtures thereof, seleded frdm water, and/or alcohols. 
Complexation is perfbrmed at the same temperature by addition of the produd in a 
molar ratio of 0.5 to 8. and cooling at a temperature range of 30 to -SO'C, as 
required. The abovennentioned 8Z.11E.1 52-018:3 add is Isolated in higher 
concentration after treatment of the liquid phase, obtained after separallon from the 

25 solid phase, by using conventional means sudi as fittraUon or oentrifugatlon. 
Decomplexatlon is then carried out by adcHtion of either a diluted organic or mineral 
add Adds that may be used indude. but are not limited to, hydrochloric add. 
sumiHc add. phosphoric add and dtric add. The product is obtained by decantetion 
or Bquld-liquld exlradlon wRh an organic soW nt sudi as but not limited to hexane. 

30 hapten . petroleum ether and Hgroln. If required, th rgante solvent Is eliminated 
(i.e. evaporated or dislflled). A prefened description of th present embodiment is 
described in example 2. 
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Another method for raising level of. for example 9Z.11E.15Z-C18:3 acid, either as 
free add or derlvatlzed (i.e methyl, ethyl. Isopropyl, butyl, phenyl) is liquid 
chromatography using various convenient stationary phases. One particular Is 
reversed phase liquid chromatography (I.e. ODS) for which eluents may include but 

5 are not limHed to water, acetonitrile. acetone, methanol, tetrahydrofuran. methyl- 
lertbutyl ether, and combination thereof. A detailed description of the method Is 
described in example 3. Argentation liquid chromatography may be used to Isolate 
specific Isomers from a complex mixture of fatty acid ester or free fatty acid. A 
detailed description of the methodiogy applied to the 9Z.11E.15Z-C18:3 acid Isomer 

10 is described in example 4. 

Still another method for raising the concentration level of, for example 9Z.11E,15Z- 
C18:3 acid, either as free acid or derivatized 0 ® methyl, ethyl. Isopropyl. butyl, 
phenyl) is cristaHlzatlon. either In solvent or mixture thereof, such as. but not Kmited 
to. acetone, methanol, pentane, or m absence of solvent (i e. dry fractionation). A 
15 detailed cooling program is required in order to obtain a more concentrated product 
One particular case Is that of liirther cristalllzatlon of urea complexes of fatly adds. 

The aboveHnentloned new products that we daim are fUlly characterized by the 
foliowirHl physico-chemical pn^rtles 



20 viscosity 

refractive index 
UV-absorption (max) 
flash point 
dropping point 

2S peroxide value 
iodine value 



Dietary supplements, food additives, cosmetic and pharmaceuHoal compositions 
formulated with conjugated products of a- and iHlnolenfc add and their refated 
30 compounds used individually or in mixtures with other produds daim the fWlowIng 
biological properties: Inhibiting cardnogenesis; enhandng Immune response: 
reducing effects of Immune stimulation; redudng atherosclerosis; enhancing growth; 
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regulation of physiology of adipocyte ceH; reducing subcutaneous fat; redirecting the 
partitioning of fat and lean tissue mass; increasing lean body mass; maintaining or 
nhandng bone mineral content; reducing adipocyte cell number inhibiting 
lipoprotein lipase activity; reducing apoiipoprotein B secretion.; regulation of 

5 lipoprotein physiology; modulating triacy^iycerol. free fetty adds, cholesterol and 
lipoprotein metabolism; moduteiting nutritional component of milk produced by a 
lactating animal; enhancing whole body protein acoetion; enhancing CPT activity in 
skeletal muscle; inducing changes in the regulation and/or action of Tumor Necrosis 
Factor-alpha (TNF-alpha); antioxidant by chain-propagating free radicals; treating 

10 skin disoiders; protecting biological membranes firom oxidative attack; effects on 
btood insulin; effect on hepatic lipid metabolism. 

EXPERIMENTAL 

The fbUowbig e)aimples are provided in order to demonstrate and furttter niustrate 
certain preferred embodimente and aspects of ttie present invention and are not to 
15 be construed as limiting the scope thereof. 

In the experimental disdosure which follows, the following abbreviations apply: kg 
(kilograms); g (grams); mg (milligrams); °C (degrees centigrade); L (liters); mL 
(milliliters); pL (microliters); m (meters); cm (centimeters); mm (millimeters), pm 
(micrometers); NaOH (sodium hydroxide), H2SO4 (sulfuric acid). NaCI (sodium 
20 chloride); 11,13-CCLA (9-(6-propyl-cyclohexa-2,4-dienyl)-nonanoic add), AgNO^ 
(silver nitrate). 

EXEMPLE 1 

Pfeparation of mixture containing higtt amount of9Z,11E, 15Z-C18:3 acid by 
25 oca^ugatim of linseed oil 

To commercial propylene glycol (46.48 kg) were added NaOH (1.94 kg) at room 
temperature. Th resulting mixture was heated at 160'C for 20 min into a 200 L 
steinless steal reactor under nitrogen atmosphere and writti v^orous agitation. 
30 Commercial raw Unseed oil (4.10 kg) was added under nitrogen atmosphere. The 
nuxture was h ated at ieo»C for 2 hours under nitrogen atmosphere and with 
vigorous agitefi n. After cooling to 80"C, the reaction mixture was direcUy addified 
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v»nh aqueous solution of H2SO4 (0.06 % w/W, 47.5 kg). After standing 10 min. the 
top layer was washed with a NaCI aqueous solution (5% w/W, 47.25 kg). The top 
layer was rarnoved, dried and stored at -80°C under nitrogen. 

Fatty acid composition of the resulting product was perfonrned by high resolution 
5 gas-chromatography after methylation of a sample (20 mg) using the boron 
trifluoride method (Metcalfe et al.). The analytical equipment consisted of an Agilent 
T chnologles GLC 68S0 with auto sampler. The column was a highly polar open 
tubular capillary type. The following program setting were used (TABLE 3): 

0 TABLE 3 

injection Split mode 1 :50 at 250°C 

Detection Flame lonizatton Detector at 250°C 

Canler HeHum at249.5KPaat 170"C . ... 

Oven eO'C for 1 min then 20»C.min-^ to 170*C and 170-C throughout for 30 

Program min. then S^Cmln l 210X C throughout for 6 min 

Column BPX-70 capRlaiy cohimn. 60 m X 0.25 mm l.d., 0.25 |im film thickness 

The obtained chromatogram was given in fifl_3B. The quantitative conversion of 
alpha-linolenic acW was confimned and the mixture contain approximately 33 % of 
9Z,1 1 E,1 5Z-C18:3, fatty acid composftion of the mixture was given In table 4. 

TABLE 4 

Fatly Add 

Palmitic 
Stearic 
Oleic 
11Z-C1B:1 
Unoleic 

alpha-Linolenic 
9Z.11E-C18:2 
10E,12Z-C18:2 
11,13-CCLA 
9Z,11E.15Z-C18:3 
9.11,13^18:3^ 
10E,12Z.14E-C18:3 

10.12.14-018:3' 

16 ^stereochemistry of the double bonds not identined 



% Before Reaction 


% After Reaction 


5.40 


5.07 


4.13 


3.20 


19.77 


19.27 


0.69 


0.65 


16.47 


7.16 


53.54 


0.87 


0.00 


4.89 


0.00 


4.79 


0.00 


8.73 


0.00 


32.98 


0.00 


3.73 


0.00 


6.06 


0.00 


1.41 



*oth r stereo isomers of 10.12,14-018:3 AcW 
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EXEMPLE2 

Preparation of mixture containing fiigh amount of 97^,1 IE, 15Z-C18:3 add by 
corrugation of linseed oil and consecutive urea crystaUization 

The top layer (3.26 kg) obtained in example 1 was removed and transferred In a 20 
L reactor containing a solution of urea (3.26 kg) in aqueous ethanol (95 %. v/V. 
13.20 kg) prepared at 60*C under nitrogen condiUon for 1 hour. Free fatly adds 
were homogenized and the obtained mixture was cooled at 4'C fbr 12 h. The lk|uld 
phase (17.77 kg) was removed from the solM phase (3.18 kg) by centrifiigalton and 
transferred into a 100 L. stainless steal, sight glasses reactor. An aqueous solutton 
of H2SO4 (0.1 %. wAw, 49.12 kg) was added to the mixture and the solution was 
vigorous shacked for 1 min under nilrogen atmosphere. After standing 10 min, the 
top layer was washed with a NaCI aqueous solution (5% wtw. 47.25 kg). The top 
layer was removed, dried and stored at -BO'C under nitrogen. 

The solW phase (3.18 kg) was dissolved in a solution of H2SO4 (0.1 %. w/W, 49.12 
kg) at 70-C and transferred into a 107 L. stainless steal, sight glasses reactor and 
the solution was vigorous shacked for 1 min under nitrogen atmosphere. After 
standing 10 min, the top layer was washed in the same apparatus with a NaCI 
aqueous solution (5% w/w. 47.25 kg). The top layer was removed, dried and stored 
at -80''C under nitrogen. 

Fatty acid composltton of the resulting products was perfomied by high resolution 
gas-chromatography after methylation of samples (20 mg) using the boron trifluoride 
method (Metcalfe et al.). The used analytical conditions were the same as presented 
in example 1. 

The obtained chromatogiam was given In fiaJC and fatty acid composition of the 
mbdure was given In ^^g^. 
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TABLES 



% Before %fcri Uquld |n soHd Phase 

Fatfy Acid Cr^tsrilizatiiMi Phase 

D«i«.»!^ 5.07 0.58 15.41 

19.27 17.^ 27.88 



•^rPtelc o:i7 

4.89 6.86 

4.79 6.21 

4 4^VrP, A 8.73 10.61 • 

« oooft 40.74 10.88 



Alpha-Llnolehic "-^ 
9£l1E^18:2 *.89 ^.^ 

10E,12Z:C18:2 4.79 6.2 2.59 



9Z:i1E.15Z^18:3 ^-^ 3^7 

9.11,13-018:3' 3J2 n?? 1378 

lbE.12Z.14E-C18:3 6.06 0.73 13.78 

10.12.14-018:3? 1-41 126 1.74 

^stereochemistry of the double bonds not idenimed 
*other stereo isomere of 10,12.14-018:3 Add 

5 EXEMPLE3 

Pmpamtion and purification of 9Z. 1 1E, 15Z-C18:3 add by reverse phase liquid 

Otromatoffrapliy. 

Products obtained in example 1 and 2 containing a high level of 9Z.11E.15Z-C18:3 
were submitted to a preparative high perfom»ance liquid chrematograph fflled with a 

10 preparative CDS (octadecylsilyO column (25 cm X 6.5 cm i.d.). The mobile phase 
was methanol and water (90:10. v/v. 400 mUmm'^). The sample (10 g) was Injected 
at atmospheric pressure and the separation was achieved in 60 min. OoUeded 
fractions were analyzed by gas-liquid chromatography as presented in example 1. 
and a typical gas-chrematogram was presented in fig 3D. The desire compound 

15 eluted in the firet partitlort (partition number « 12) that allow a purification of about 
95%. 
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EXEMPLE 4 

Preparation and purification of9Z,11E,1SZ-C1B:3 acid by argentation iiquid 

t^romatograptty 

Fatly acid methyl esters prepared from products obtained In example 1 and 2 that 
5 containing a high level of 9Z.1 1E.15Z-C18:3 were separated using argentation thin 
layer chromatography. Silica-gel plates were prepared by Immersion In a 5% 
acetonitrlle solution of AgNOa as described by Destaillats et al. (Uplds 35:1027- 
1032. (2000)). The developing solvent was the mixture n-hexane/diethyl ether 
(90:1 0. v/v). At the end of the chromatographic runs, the plates were briefly air-dried. 
10 lightly sprayed with a solution of 2',7'-dlchIorofluorescein. and viewed under 
ultraviolet light (234 nm). The band at R, « 0.52 was scraped off and eluted several 
times with diethyl ether. Complete evaporation of the combined was achieved with a 
light stream of nitrogen. The residues were dissolved in an appropriate volume off n- 
hexane and analysed by gas-llquld chromatography (purity superior to 08 %) as 
15 presented In example 1. 

EXEMPLE 5 

Preparation of mixture containing 6Z, 8E. 12Z- and 6Z.9Z, 12Z-C18:3 acids by partial 

cmijugatim of borage oH 

20 To commercial propylene glycol (96 g) were added NaOH (4.30 g) at room 
temperature. The resulting mixture was heated at 160»C for 20 min under nitrogen 
atmosphere and with vigorous agitation. Commercial raw linseed oil (9.35 g) was 
added under nitrogen atmosphere. The mixture was heated at 160X for 1 hours 
under nitrogen atmosphere and with vigorous agitation. After cooling to BO'C, the 

25 reaction mixture was directly acidified with aqueous solution of H2SO4. After 
standing 10 min. the top layer was washed with a 5% NaCI aqueous solution (w/W. 
47.25 kg). The top layer was removed, dried and stored at -80-C under nitrogen. 
Fatty acid composition of the resulting products was perfomied by high resolution 
gas-chromatography after methylation of samples (20 mg) using th boron trifluoride 

30 method (Metcalfe et al..). The used analytical conditions wer th same as 
presented in exemple 1. 



# 
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The obtained chromatogram was given in fia^ and fatly add composition of 
mixture was given in table 6. 

TABl£6 



Fatty Add 



Palmitic 

Stearic 

Oleic 

11Z-C18:1 

Linol^c 

Y^Jnolenic 

7.11-CCIJ^ 

9Z.11E-C18:2 

10E.12Z-C18:2 

9Z-C20:1 

6Z,8E,12Z-C18:3 

9Z-C22:1 
7E.9Z,11E-C18:3 



% Before Reaction ' % After Reaction 



10.34 


9.55 


3.36 


2.38 


15.57 


13.88 


0.57 


0.52 


30.96 


30.11 


22.92 


5.32 


0.00 


1.25 


0.00 


6.66 


0.00 


6.46 


3.60 


2.60 


0.00 


14.50 


2.05 


1.22 


0.00 


1.89 
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CLAIM 

1 . H&N conjugated linolenic adds. 
2 



Process for prepaiaUon of the conjugated linolenic adds of claim 1 compnsing 
the Steps of (a) involves blending one or a mixture of vegetable oils with various 
concentration of llnolelo add or partial giycerides of sudi oils, or partially purified 
or concentrated Isomers with 0.5 to 10 moles of base such as sodium hydrox.de. 
10 sodium allcoxylate. sodium metel. potesslum hydroxide, potesslum alkoxylate 
potesslum metel. and strong base rasins (b) recovering the resulting conjugated 
linolenic adds. 

3 The use of the conjugated Hnolenlc adds of claim 1 as dietenr supplements, food 
15 ' additives, cosmetic or phamiaceutlcal compositions fomiulated with conjugat^l 
produds of a- and y-Hnolenic add and their related compounds used indiv.dually 
or In mixtures vwth other produds. 
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TH^ 1- nesent the fliHiiial mechadisin teadtag to the fcimatioD of 1 1 ."fCL^ l9<«i»opy>- 
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1. Palmitic Acid 

2. Stearic Acid 

3. Oleic Acid 

4. llZ^l«:IAcid 

5. Linoleic Acid 

6. LinolenicAcid 



Retentio]itime(i]iin) 

7. 9Z»llE-C18:2Acid 

8. 10E,12Z-C18.2 Acid 

9. 9^&^pyi-<yc\Qiitxar2,A'dkssy^ 

10. 92;ilE,15Z-C18:3 Add 

11. 9,11.13-018:3 Add 
12. 10E.123?,I4E-C183 Add 




chromatognmhy fraction containing «ww*.- - . - « a m\ 

^mato^hy fraction containing about 99+ % of 9Z,1 1E.15Z<;18:3 acid (B) 
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"1. 
50 



I 

13 

1. Palmitic Acid 

2. Stearic Acid 

3. Oleic Acid 

4. IIZ-CI 8:1 Acid 

5. Linoleic Acid 

6. LinolenicAcid 



Retention time (min) 

7. 6-(6-hexyl-cyclohexa-2,4-dienyl)-hexanoicAcid 

8. 9Z,llE-C18:2Acid 

9. 10E,12Z-C18:2Acid 

10. 9Z-C20:1 Acid 

11. 6Z,8E,12Z-C18:3 Add 
12-9Z-C22:lAcid 

13. 7E.9Z.llB<:i8:3Acid 



Rg 4: Gas liquid chromatogram of the fetty acid methyl esters obtained after methylatioh of 
partially conjugated evening primrose oil. 



